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CHAPTER 1. GENERAL INTRODUCTION 
Selection for maximum prolificacy over the last decade has resulted in an increase 
in litter size at birth and more piglets weaned per litter. However, this increase has also 
resulted in a higher percent mortality of piglets during lactation, which is of high 
economic loss to swine producers (Roehe and Kalm, 2000). The highest percentage of 
mortality in commercial pig production occurs prior to weaning and decreasing pre-
weaning mortality is of high economic value to swine producers (Roehe and Kalm, 
2000). Numerous factors impact pre-weaning mortality and piglets with low individual 
birth weight have an increased risk of stillbirths and mortality throughout all phases of 
production (Fix et al., 2010b). Selection a larger litter size has led to higher variation of 
birth weight within litter weight and more low birth weight piglets, which is associated 
with an increase in deaths (Milligan et al., 2002b). Lighter birth weight piglets have been 
shown to consume less milk and colostrum due to being at a competitive disadvantage 
and often have reduced pre-weaning growth (Hartsock and Graves, 1976). Larger piglets 
at birth stimulate and drain teats more effectively and thus receive more nutrients from 
their respective teats and as a consequence, differences in light and heavy birth weight 
piglets are often maintained or increased during lactation (Milligan et al., 2002a). 
Low birth weight piglets are also more likely to be poorer quality at weaning, 
finisher placement, and 16 weeks into finishing and were less likely to be full value at 
harvest (Fix et al., 2010b). Poorer quality piglets require a higher level of management 
and slow down production throughout the nursing and finishing phases, while reducing 
value and profitability for producers (Fix et al., 2010b). Milligan et al. (2002b) reported 
an increase in litter variation and pre-weaning mortality as parity increased but few 
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studies have evaluated the effect of parity on odds of survival and other litter 
performance traits at birth, during lactation and at weaning.  
The ability to increase litter size while still maintaining an appropriate piglet birth 
weight can help maximize performance and profitability for commercial producers. The 
objective of this research was to compare piglet birth weight classes, parity of the dam, 
number born alive and the relationship with litter variation and piglet survival until 
weaning. 
Thesis organization 
This thesis is presented as a general introduction, a literature review, two 
individual papers and a general summary. Style, form and references cited are in 
compliance of the Livestock Science to which these papers will be submitted. Each 
individual paper consists of an abstract and four sections: introduction, materials and 
methods, results and discussion and conclusion. Literature cited within the papers is listed 










CHAPTER 2. LITERATURE REVIEW 
 
Within the last decade, the U.S. swine industry has placed more emphasis on sow 
productivity to increase number of piglets born alive. As result, studies have shown that 
an increase in litter size, decreases individual piglet birth weight and pre-weaning 
survival. The highest mortality percentage of commercial pig production occurs prior to 
weaning which negatively affects profitability for pork producers. A wide variety of 
causes lead to pre-weaning mortality so producers must evaluate their genetic selection 
and management protocols to try and reduce pre-weaning mortality and increase 
profitability. 
An increase in individual piglet birth weight has been shown to reduce pre-
weaning mortality but this comes at the expense of a smaller number of piglets born 
alive. Trying to increase litter size and piglet birth weight is a challenge for producers as 
heritability for maternal litter size and piglet birth weight has been shown to be very low 
(Lund et al., 2002). Birth weight has been shown to have a significant effect on weaning 
weight and performance during the growing period. Piglets that are weaned at a heavier 
weight have significantly higher performance and quality traits after weaning (Fix et al., 
2010b) compared to lighter weight piglets. A comprisable number born alive and birth 
weight would help reduce pre-weaning mortality while still weaning a consistent large 
group of high quality piglets. This could increase the percentage of full value piglets 
placed during the nursery phase, while still reducing variation during finishing and 
decreasing the marketing period for producers. 
4 
 
This review of literature will examine previous research in the areas of piglet birth 
weight, parity, litter variation, pre-weaning mortality, post-weaning performance, and 
suckling behavior.  
Birth weight  
Birth weight has been shown to affect several different factors during the pre-
weaning and throughout the growing phase in commercial production. Quiniou et al. 
(2002) studied variation of piglets’ birth weight and consequences on subsequent 
performance from 12,041 crossbred piglets. Individual birth weight was greatly affected 
by litter size in which birth weight decreased when litter size increased. Birth weight was 
found to be higher in litters ≤11 compared to litter size of 12 and greater.  
Seventy-five percent of deaths prior to weaning occurred within the first 7 days 
and the risk to die during this period, was much higher in light weight piglets (birth 
weight ≤1.6kg) compared to piglets ≥1.6 kg. The percent survival was evaluated at day 1, 
day 7, day 14 and at weaning and was the lowest during each period (36%, 16%, 16% 
and 15%, respectively) for piglets weighing less than 0.6 kg. Birth weight was also found 
to be highly correlated with body weight at weaning and the higher the birth weight was, 
the higher the body weight gain during lactation. Quiniou et al. (2002) also found that an 
increase in birth weight results in a higher average daily gain over the lactation, post-
weaning and finishing periods. 
Smith et al. (2007) reviewed the effect of piglet birth weight on weights at 
weaning and 42 days post weaning. The study looked at 2,467 piglets and during 
analysis, divided piglets into 9 birth-weight categories based on individual birth weight. 
Lowest percent survival to weaning was found in piglets weighing 0.57-0.87, 1.39-1.55 
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and 1.73-1.89 kg while the highest percent survival was found in piglets weighing 0.88-
1.38 kg. Birth weight also showed a direct effect on weaning weight and weight at 42 
days post weaning. As birth weight increased, weaning weight and weight at 42 days post 
weaning, also incrementally increased. Low birth weight piglets in this study were found 
to continue to be lightweight in subsequent phases of production. 
Powell et al. (1980) studied the effects of birth weight on growth and carcass 
composition of swine in three separate birth weight classes. Three birth weight classes 
were created (high >1,600g, medium 1,300 to 1,400g and low 1,000 to 1,100g) as well as 
runts (900 to 1,000g) were categorized. The low birth weight pigs grew slower than 
medium or high birth weight pigs feed utilization was similar. Runt littermates grew 
slower and took longer to reach market weight compared to large pigs. Runt pigs had 
higher marbling scores and percentage lipid in the longissimus muscle. Overall, pigs 
weighing less than 1,000g at birth grew slower, were less efficient and produced a carcass 
with high percentage of fat and less muscle than larger pigs. 
A study was completed to determine the effect of individual piglet birth weight on 
mortality and piglet quality in a U.S. commercial production system (Fix et al., 2001b). 
Birth weight showed a linear effect on pre-weaning survival and survival increased as 
birth weight increased. As birth weight decreased, the likelihood of piglets being poorer 
quality at weaning, finisher placement and 16 weeks into finishing increased. The 
likelihood of a pig being full value at the end of finishing increased as birth weight 
increased. This shows the importance and economic impact of birth weight within a 
commercial production system. 
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Fix et al., (2010a) evaluated the effect of piglet birth weight on body weight, 
growth, backfat, and longissimus muscle area of commercial market swine in post 
weaning performance. Records from pigs (n=5,727) at a commercial farm were weighed 
and identified at birth and weights were collected prior to weaning, after finisher 
placement, and 7 and 16 weeks into finishing. During the 16 week body weight 
collection, real-time ultrasound backfat thickness and longissimus muscle area were 
measured and average daily gain was calculated. Results of this study were reported that 
as birth weight increased subsequent body weight and average daily gain increased 
during the finishing phase. Even though heavier birth weight piglets tended (P=0.07) to 
have an increased backfat depth, they had heavier future body weight, higher average 
daily gain and larger longissimus muscle area prior to harvest. Low birth weight piglets 
negatively impacts economically important traits during the finishing and harvest period. 
Wolter et al. (2002) reported that birth weight has a substantially greater impact 
on pig growth performance after weaning than increasing nutrient intake during lactation. 
Weights from 384 piglets were taken at birth and divided into heavy and light weight 
body weight litters and half of those litters are given supplemental milk replacer from d3 
of lactation to weaning. Pigs in heavy litters were heavier at weaning and also had a 
higher average daily gain, feed efficiency and required 7 less days to reach market weight 
compared to the light pigs. The litters that were fed supplemental milk replacer during 
lactation were heavier at weaning, took fewer days to slaughter, but had no effect on 
growth performance from weaning to slaughter. This lead to conclude that birth weight 
has a great impact on pig growth performance after weaning compared to supplemental 
milk replacer during lactation.  
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Roehe and Kalm (2000) examined the estimation of genetic and environmental 
risk factors associated with pre-weaning mortality in piglets using generalized linear 
mixed models. This study utilized 12,727 piglets born alive from 1,338 litters in a six 
year span to estimate the odds ratios of pre-weaning mortality based on individual birth 
weights. It was concluded that piglets with individual birth weights of 1.8, 1.5, 1.2 and 
1.0 kg showed a much higher odds ratio (1.4, 2.7, 7.0 and 16.1) of pre-weaning morality 
relative to piglets with a 2.1 kg birth weight. The study also found low estimates of 
heritability for pre-weaning mortality, so individual birth weights was recommended to 
improve survival of piglets pre-weaning.  
Correlations between mean birth weight and number born alive, birth weight 
coefficient of variation (CV), percent survival to weaning, mean weaning weight, and 
weaning weight CV was reported by Milligan et al. (2002a) and Milligan et al. (2002b). 
Mean birth weight showed a significant negative correlation with number born alive, 
birth weight CV, and weaning weight CV. A significant positive correlation was reported 
between mean birth weight and percent survival to weaning and mean weaning weight. 
Due to its economic importance and differences in performance traits, birth 
weight needs to be considered when selecting for number born alive. Although removing 
light birth weight piglets is not possible, minimizing the percentage or number of light 
weight piglets will positively increase numerous economic and performance traits. 
Parity 
Parity differences have been shown to affect several measures at birth of piglets 
which can impact performance traits. This section will focus on parity differences in pre-
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weaning and post-weaning performance. Neonatal-piglet weight variation and its relation 
to pre-weaning mortality and weight gain on commercial farms within parity differences 
were reported in a study by Milligan et al., (2002b). The study followed 52 sows through 
eight consecutive parities. Number of piglets born was lower in parity ≤2 females 
compared to parity ≥6 females. Number of piglets born alive was higher in parity 3-5 
females compared to parity ≤2 and ≥6 females.  
Mean birth weight was lowest in parity 1 females compared to parity ≥2 females. 
As parity increased, the mean weaning weight showed a tendency to decrease while the 
weaning weight CV was numerically higher in older sows. The increase in weaning 
weight CV was confounded by the already high levels of birth weight CV found in older 
parity sows. Percent survival to weaning was not significant between parities. Birth 
weight CV was found to have a negative correlation with percent survival until weaning. 
 Strang (1970) examined parity differences from 38,000 Large White litters to 
investigate variation affecting litter productivity. Results from this study showed that 
number of piglets born alive increased progressively with parity up to the fourth litter and 
then declined gradually as parity increased. Number of piglets at weaning was found to 
be the highest at parity three and gradually decrease as sows became older. This was 
affected by the mortality from birth to three weeks of age which was found to be the 
lowest at parity one litters and then increase progressively with increasing parity. Litter 
weight and average piglet weight at 3 weeks of age was found to be highest at parity 3 
and 2, respectively.  
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Roehe and Kalm (2000) estimated the genetic and environmental risk factors 
associated with pre-weaning mortality in piglets using generalized linear mixed models. 
Records from 12,727 piglets born alive from 1338 litters were used to predict the odds 
ratios of parity differences. An increase in parity showed to have higher odds of mortality 
for piglets until weaning. This may be closely related with the increase in number born, 
as well as the increase in variation within a litter which has a tendency for a higher 
mortality. This was also reported by Fix et al. (2010b) in which a significant negative 
correlation was found with an increase in parity and pre-weaning survival. This could be 
also explained by several other environmental factors during the farrowing process. Fix et 
al. (2010b) also found parity to have a significant effect on birth weight.  
Canario et al. (2006) studied the effect of several sow and piglet characteristics. 
The study explained that an increase in farrowing duration in older sows may lead to 
weaker pigs that survive through birth, and are more vulnerable to pre-weaning mortality. 
Piglets that are born lighter weight and later during the farrowing process, consume less 
milk and colostrum. This leads to them being at a competitive advantage and often 
reduced pre-weaning growth (Hartsock and Graves, 1976). Hartsock and Graves (1976) 
also reported that piglets that are born earlier during the farrowing process receive more 
nutrients and as a consequence, have a greater chance of pre-weaning survival. 
 Canario et al. (2006) reported that as parity increased, there was a greater 
probability of stillbirths and weaker piglets at the time of birth. These results agree with 
previous work done by Knol et al. (2001) that looked at several genetic effects on 
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farrowing, pre-weaning and total piglet survival. It was stated that pre-weaning piglet 
survival decreased in older sows. 
 Smith et al. (2007) reviewed the effect of parity on weights at weaning and weight 
at 42 days post weaning. Weaning weight was higher in piglets from parity ≥2 sows 
compared to parity 1 females. The same results were found when studying weight at 42 
days post weaning with higher weight found in piglets from parity ≥2 sows compared to 
parity 1 females. This is confounded by the already lower levels of weaning weight found 
in parity 1 females compared to all other parities. 
 Parity needs to be considered in any sow farm system in order to effectively cull 
sows at the right age. The initial litter performance may be lower but will be more 
profitable and efficient from parity 2 and higher.  
Litter variation  
As the U.S. commercial pork industry continues to increase the number of pigs 
born alive per litter, this greatly effects the variation within each litter as well as the pre-
weaning mortality and weight gain. Less variation within a weaning group plays an 
important role in a marketing systems and the flow of many producer’s systems. The 
following section will outline the variation differences reported by several studies and 
how it affects pre-weaning mortality and variation throughout the finishing phase. 
Milligan et al. (2002b) reported within-litter birth weight variation and its relation 
to pre-weaning survival and how it correlates to variation in weaning weights. The study 
looked at litters of piglets from 52 sows through eight consecutive parities. Litters that 
had higher variation in birth weights had more deaths and were associated with higher 
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variation in weaning weight. Larger litters have a tendency to have a lower average birth 
weight of pigs born and this leads to a higher pre-weaning mortality. Milligan et al 
(2002b) also studied litters containing low-birth-weight piglets and comparing those back 
to their littermates. These low-birth-weight piglets had a much lower survival rate, 
especially in large litters.  
In a research study investigated by Van der Lende et al. (1991) found that the 
correlation between birth weight variation and survival may be confounded by the 
tendency for litters with variable birth weights to be larger and have more low birth 
weight piglets. Low birth weight piglets have an increased risk or pre-weaning death. The 
average growth rate of piglets with lower average birth weight was less than that of pigs 
with a higher birth weight.  
 In a study that was conducted by Quiniou et al. (2002), data was collected from 
965 litters and each pig was weighed at birth and weaning and other litter information 
was collected. The proportion of low birth weight piglets increased from 7 to 23% of total 
born and reduced mean birth weight from 1.59 to 1.26kg in litters of ≤11 to ≥16 
respectively. This resulted in a higher birth weight variation and an increase in pre-
weaning mortality. Lower birth weight litter had a higher percent of stillbirths and 
thereafter, more die within the first 24h as compared to litters with higher birth weights. 
 Milligan et al. (2001) utilized 51 Yorkshire and Yorkshire X Landrace sows and 
their litters to examine whether variation influences piglet survival, weight gain and 
suckling behavior. The litters were manipulated to achieve the desirable number and size 
distribution of littermates. Litters were made into small (8 or 9 piglets) or large (11 or 12 
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piglets) and made more or less variable in weight by combining litters.  Piglet weight 
variation (percent of coefficient of variation, CV) almost doubled in 21 days in the less 
variable litters but variation still remained higher in more variable litters. There was a 
trend (P < 0.1) for fostered piglets to gain less weight that non-fostered piglets in the first 
3 days but had no significant effect on subsequent weight gains. There were more 
behavioral measures of littermate competition in large litters. The differences in body 
weight between light and heavy piglets are often maintained or increased throughout 
lactation. In this study, survival, suckling behavior and weight gain were unaffected by 
birth weight variation although suggest a slight tendency (P=0.09) for higher mortality in 
variable litters. 
Milligan et al. (2002a) focused on Neonatal-piglet weight variation and its 
relation to pre-weaning mortality and weight gain in 10 different commercial farms over 
an eight month period. Piglets were weighed at birth and weaning and all litter and sow 
information was collected. In a separate analysis, piglets were divided into two “neonatal-
weight classes” which were low and higher. Low-neonatal piglets were defined as piglets 
that (1) weighed at least 300g less than the litter’s mean neonatal weight or (2) they 
weighed 200-300g less than the litter’s mean neonatal weight and at least 100g less than 
the next smallest member of the litter. As expected, the study found that litters with more 
live piglets had lower mean neonatal weights and more variation within the litters. 
Percent survival to weaning was higher in litters with few live piglets, higher mean 
neonatal weights, and highest in litters from gilts and 2nd-parity sows.  
Milligan also found that low-neonatal-weight piglets had lower survival than 
higher-neonatal-weight piglets and also had lower wean weights even after adjusting for 
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neonatal weight as a covariate. The difference in mean wean weight between low and 
high-neonatal weight piglets increased as litter size increased as well. Litters that did not 
have any low-neonatal-weight piglets had fewer piglets per litter, a higher percent 
survival to weaning, and lower variation within litter. Although, the number of piglets 
weaned and mean weaning weights were similar in litters with and without low-neonatal-
weight piglets. Litters with high weight variation resulted in lower survival and more 
variable weaning weights in which smaller piglets were at a higher rick for poor survival 
and lower weight gain compared to heavier littermates. 
Milligan et al. (2002a) and Milligan et al. (2002b) both reported correlations with 
birth weight CV and how it affects percent survival to weaning, mean weaning weight 
and weaning weight CV. Both studies reported a significant negative correlation between 
birth weight CV and percent survival to weaning and mean weaning weight. Weaning 
weight CV was found to be significantly correlated with birth weight CV. 
Wolf et al. (2008) studied the variation of birth weight and its relation to litter size 
traits, stillborn piglets and losses until weaning from 2,900 litters of Czech Large White 
sows. Results from this study were reported that phenotypic correlations of mean birth 
weight and number born alive were significantly negative. The variability of the birth 
weight within litter (variance, standard deviation, coefficient of variation) were mostly all 
positively correlated with litter size. The heritability for measures of variability of birth 
weight within litter was very low and were all less than 0.05. This makes it challenging 
for selection of variation within a breeding program. An increase in number born alive 
was found to be genetically connected with a decrease in mean birth weight and an 
increase in the within-litter variability.  
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 Variation within a litter has been shown to have an impact on performance traits 
but makes it a challenge to control due to low genetic heritability. Cross fostering and 
standardizing litter size can help reduce litter variation at weaning. 
Pre-weaning mortality 
 The number of piglets weaned per sow is a trait of major economic importance in 
a commercial U.S. pig production system. While the selection for total number of piglets 
born has increased, it has also led to an increase in pre-weaning piglet mortality. This 
section will briefly discuss significant literature that reported pre-weaning mortality 
differences relative to birth weight and litter size. 
 The relationship between litter size and perinatal and pre-weaning survival in pigs 
was studied by Lund et al. (2002). Landrace and Yorkshire litters were used to find the 
relationship between direct and maternal genetic effects on litter size and piglet survival. 
In Landrace pigs, the heritability were estimated to be 0.11 for total number born, 0.06 
for proportion alive at birth and 0.08 for proportion survived from birth until 3 weeks. 
The same estimates were predicted in Yorkshire pigs and were 0.14, 0.06, and 0.01 
respectively. The number born had a negative effect on proportion survived from birth 
until 3 weeks in the Landrace breed but was not significant in the Yorkshire breed. These 
results indicate that there are unfavorable correlations between the maternal genetic 
contributions to litter size, survival rate at birth and survival rate until weaning. Lund et 
al., (2002) stated that selection for pre-weaning survival could be achieved by selecting 




Su et al. (2007) focused on looking at alternative selection criteria to help improve 
litter size at weaning and piglet survival rate. Danish Landrace (9,300 litters) and Danish 
Yorkshire (6,861 litters) were used to help estimate the heritability of total number 
born(TNB), number born alive(NBA), number alive at d 5 after birth(N5D) and at 
weaning(N3W). The genetic correlations between TNB, NBA, N5D and N3W ranged 
from 0.066 to 0.090 in Landrace and 0.050 to 0.070 in Yorkshire but the highest 
correlation was 0.995 in both populations between N5D and N3W. This means that 
selection for N5D could be an alternative way to help improve litter size and piglet 
survival at weaning. 
Quiniou et al. (2002) reported that seventy-five percent of post-natal deaths in 
piglets within the first 7 days of birth. Avoiding piglets getting crushed by the sow and 
making sure that piglets get an adequate amount of colostrum after birth, has a positive 
significant effect on pre-weaning survival (Hartsock and Graves, 1976). Reducing the 
farrowing duration in older sows will decrease the percentage of weaker piglets at birth 
which are more vulnerable to pre-weaning mortality. 
Milligan et al. (2002a) and studied piglet weight variation and their relationships 
to pre weaning mortality and found that that number born alive and birth weight CV are 
both negatively correlated with percent survival to weaning. Mean birth weight was 
found to be positively correlated with percent survival to weaning. The study also found 
that percent survival to weaning was lower in litters with low birth weight piglets. Wolf 
et al. (2008) found similar results in finding a negative correlation with mean birth weight 
and losses from birth to weaning. The study concluded that as mean birth weight 
increases, the losses from birth to weaning decreases. 
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A similar study was done by Milligan et al. (2002b) to determine the relationship 
between within-litter birth weight variation and pre-weaning survival and weight gain. 
Data was collected on litters from 52 sows through 8 parities.  Litters with low mean 
birth weight and high variation were found to have more deaths before weaning. Piglets 
with birth weights well below the mean of the litter were more likely to die compared to 
their littermates. Number born alive and birth weight CV were both found to be 
negatively correlated with percent survival to weaning. Mean birth weight was found to 
be highly positively correlated with percent survival to weaning. Higher birth weight 
piglets were found to be at a much higher chance of survival and an increase in mean 
weaning weight. Percent survival to weaning was highest in litter with low number born 
alive and birth weight CV and high in mean birth weight.  
Several factors play into effect when trying to reduce pre-weaning mortality and 
producers need to work to improve negative impacts on mortality which will increase 
profitability.  
Performance traits in post weaning  
Performance in a commercial U.S. swine facility greatly impacts economically 
important traits and is crucial to a successful through put of any operation. Weaning 
weight influences the weight and gain of pigs during all phases of production as well as 
the quality of the pork carcass. This section will review the effect of pre-weaning traits 
post weaning performance traits as well as carcass composition and quality. 
Fix et al. (2010a) evaluated the effect of piglet birth weight on body weight, 
growth, backfat, and longissimus muscle area of commercial market swine in post 
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weaning performance. Records from pigs (n=5727) at a commercial farm were weighed 
and identified at birth and weights were collected prior to weaning (n=4108), after 
finisher placement (n=3439), and 7 (n=1622) and 16 (n=1586) weeks into finishing; as 
well as hot carcass weight was also collected (n=1693). During the 16 week body weight 
collection, real-time ultrasound backfat thickness and longissimus muscle area were 
measured and average daily gain was calculated. Results of this study were reported that 
as birth weight increased subsequent body weight and average daily gain increased 
during the grow finish phase. Heavier birth weight pigs had an increased backfat depth 
along with heavier future body weight, higher average daily gain and larger longissimus 
muscle area prior to harvest. 
Fix et al. (2010b) studied the effect of piglet birth weight on survival and quality 
of commercial market swine in post weaning performance. Pigs (n=5727) farrowed from 
Large White X Landrace sows (n=463) bred to Duroc boars were weighed and 
individually identified at birth and weighed again 2 days prior to weaning, finisher 
placement, and 16 weeks into finishing. During body weight collections, pigs were given 
a quality score based of visual appearance and overall health (3=healthy pig; 2= slightly 
small and/or slightly unthrifty; 1= small and/or unthrifty). Survival was examined at pre-
natal, pre-weaning, nursery phase and finishing phase. Birth weight had a direct effect on 
prenatal, pre-weaning and nursery survival but did not impact survival during finishing. 
A decrease in birth weight had a direct reflection on the likelihood of pigs being poorer 
quality at weaning, finishing placement and 16 weeks into finishing as well as reduced 
survival at prenatal, pre-weaning and nursery phase. As a result the negative impact of 
birth weight decreased the likelihood of pigs being full value at harvest. 
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Powell et al. (1980) studied the effects of birth weight on growth and carcass 
composition of swine in three separate birth weight classes. Three birth weight classes 
were created (high >1,600g, medium 1,300 to 1,400g and low 1,000 to 1,100g) as well as 
runts (900 to 1,000g) were categorized. The low birth weight pigs grew slower than 
medium or high birth weight pigs feed utilization was similar. Runt littermates grew 
slower and took longer to reach market weight compared to large pigs. Runt pigs had 
higher marbling scores and percentage lipid in the longissimus muscle. Overall, pigs 
weighing less than 1,000g at birth grew slower, were less efficient and produced a carcass 
with high percentage of fat and less muscle than larger pigs. 
Suckling behavior 
  
The final section will review the effect of several factors on suckling behavior and 
outline the importance of colostrum intake. Hartsock and Graves (1976) observed the 
behavior of newborn piglets and its relationship with mortality. Birth weight, birth order 
and mortality data were collected on 44 litters to sequence behavioral events leading to 
the formation of a specific teat or nursing order. It was reported that birth order and 
percent mortality were positively correlated. Earlier born piglets were also heavier at 
birth which enabled them to be at a competitive advantage when fighting for teat space 
and immunoglobulin-rich first colostrum. Lighter birth weight piglets and piglets born 
later in the birth order, were shown to consume less colostrum and milk due to being at a 




Auldist et al. (1998) studied the influence of litter size on milk production of 
sows. Litter size was established by cross-fostering and milk yield of sows was found to 
increase with larger litters but was not proportionate to the additional number of piglets. 
Piglet growth rate from birth to weaning decreased in response to an increase in litter 
size. Increasing litter size increases the number of functional glands which more than 
compensates for any decrease in milk output from individual glands. It was found that the 
number of functional glands is the major factor influencing milk yield of sows.  
Le Dividich et al. (2005) also reviewed the importance of colostrum intake for 
newborn piglets. Newborn piglets are born with low body energy stores and insufficient 
colostrum consumption is one of the main causes for early life mortality. It is crucial for 
newborn piglets to receive a sufficient amount of colostrum to minimize pre-weaning 
mortality. As a result, commercial sow farms have integrated into having employees at 
the farm at all times to assist during the farrowing process, help reduce the farrowing 
duration and make sure all piglets receive adequate amount of colostrum. This has been 
shown to be effective in reducing pre-weaning mortality. 
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The objectives of this study was to determine the relationship between individual 
piglet birth weight and the odds of survival until weaning and differences due to sow 
parity. Piglets in this study were purebred Yorkshire (n=70763), purebred Landrace 
(n=51091), purebred Duroc (n=16834), and Landrace x Yorkshire or Yorkshire x 
Landrace (n=38447) reciprocal F1 piglets. Data were recorded from sows in four 
production units within the same genetic flow from September 2009 through November 
2013. Piglets were individually weighed and identified within 24 hours of birth and cross-
fostering was completed within 48 hours of birth. Survival was defined as the piglet’s 
ability to survive from birth until weaning (mean=22.9 ± 3.3 days). During analysis, 
piglets were categorized into birth weight classes based on their individual birth weight. 
Data were analyzed using logistic binomial regression to estimate the odds ratio of 
survival until weaning among birth classes and parity. Odds to survival were generally 
higher as birth weight increased and piglets weighing 1.60-2.05 kg showed an increase in 
odds ratio of pre-weaning survival relative to all other piglets. As parity increased, the 
odds of surviving decreased. Piglets from parity 1 and 2 sows, showed (P<0.001) higher 
odds ratios of surviving, in relation to piglets from parity 3-8 sows.  
Introduction 
The highest percentage of mortality in commercial pig production occurs prior to 
weaning and decreasing pre-weaning mortality is of high economic value to swine 
producers (Roehe and Kalm, 2000). Numerous factors impact pre-weaning mortality and 
piglets with low individual birth weight have an increased risk of stillbirths and mortality 
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throughout all phases of production (Fix et al., 2010b). Selection a larger litter size has 
led to higher variation of birth weight within litter weight and more low birth weight 
piglets, which is associated with an increase in deaths (Milligan et al., 2002b). Lighter 
birth weight piglets have been shown to consume less milk and colostrum due to being at 
a competitive disadvantage and often have reduced pre-weaning growth (Hartsock and 
Graves, 1976). Low birth weight piglets are also more likely to be poorer quality at 
weaning, finisher placement, and 16 weeks into finishing and were less likely to be full 
value at harvest (Fix et al., 2010b). Poorer quality piglets require a higher level of 
management and slow down production throughout the nursing and finishing phases, 
while reducing value and profitability for producers (Fix et al., 2010b). Milligan et al., 
(2002b) reported increased litter variation and pre-weaning mortality with older sows. To 
date, few studies have evaluated categorical risk factors affecting pre-weaning mortality 
using logistic binomial regression. The objectives of this study was to estimate the odds 
of piglet survival until weaning based on individual birth weight class and parity of litter. 
Materials and Methods 
Animals 
Individual birth weight was collected on 177,135 piglets from purebred Yorkshire 
(n=70,763), purebred Landrace (n=51,091), purebred Duroc (n=16,834), and Landrace x 
Yorkshire or Yorkshire x Landrace (n=38,447) F1 piglets. Data were recorded from sows 
in 4 production units within the same genetic flow from September 2009 through 
November 2013. Piglets were individually weighed and identified within 24 hours of 
birth.  Piglets weighing less than 0.23 kg and greater than 3.68 kg at birth were removed 
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from the data set. The distribution of records for each parity and birth weight is 
summarized by breed in Table 1. For the purposes of this study, sows of parities ≥ 8 were 
combined into one parity class. Performance among parities ≥ 8 were not significantly 
different from each other and combining parities provided a more equal distribution of 
number of sows within parity categories. 
Data Collection 
 Within 24 hours of birth, piglets were individually weighed, identified, and piglets 
were cross-fostered to balance litters for number of piglets nursed. Number born alive 
(BA) was recorded as the number of piglets born alive within each litter.  Number after 
transfer (NAT) was recorded as the number of piglets nursing after cross-fostering 
occurred. As part of management protocol on the four farms, more piglets were placed on 
parity 1 sows in an effort to stimulate mammary development. Number weaned (NW) 
was recorded as the number of piglets weaned in that litter during the weaning process. 
 
Statistical procedures 
Birth weight classes 
Individual birth weights (BW) were separated into eight birth weight classes, and 
distribution of each birth weight class is summarized in Table 2. Mortality rates from 
birth to weaning were computed based on the birth weight classes. Mortality was based 
on the piglet’s inability to survive from birth until weaning. Piglets were weaned at an 
average of 22.9 ± 3.3 days of age. PROC GENMOD (SAS) was used to find differences 
among mortality percentages between birth weight classes using mean separation (Table 
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3) and Tukey was used for adjustment for multiple comparisons between birth weight 
classes. The final model included predictor variables with a P≤0.05 which were birth 
weight, birth weight class, number born alive, number after transfer, breed, sex, parity, 
age at weaning, and farm identification when calculating for percent mortality. 
Parity 
Piglets that were born alive were included in the analysis and parity was recorded 
as the sow’s parity at the time of farrowing. No records were kept of individual piglet 
cross-fostering nor if a piglet was moved to a sow with a different parity of sow born 
from. PROC GENMOD (SAS) was used to estimate least squares means for BW, BA, 
NAT, NW, and mortality percentages between parity using mean separation and Tukey 
was used for adjustment for multiple comparisons between parity. The final model 
included predictor variables with a P≤0.05 which were birth weight, number born alive, 
number after transfer, breed, parity, age at weaning, and farm identification. Table 3 
shows the least squares means for BW, BA, NAT, NW and mortality percentages by 
parity of dam. Table 6 shows which predictor variables were included in the final model 
for each response variable.  
Odds of Survival 
Logistic binomial regression analysis by use of the Wald statistic (SAS 
v9.2 PROC GENMOD; SAS Inst. Inc., Gary, NC) was used to investigate the likelihood 
of survival between birth weight classes and parity. The final model included predictor 
variables with a P≤0.05 which were birth weight, birth weight class, number born alive, 
number after transfer, sex, breed, parity, age at weaning, and farm identification. Tukey 
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was used for adjustment for multiple comparisons between birth weight classes and 
parities. Results are reported as odds ratios with the associated 95% confidence interval. 
 An odds ratio greater than 1 is indicative of an increased chance of survival, whereas an 
odds ratio less than 1 indicates a reduced chance of survival and a greater chance of death 
during lactation. 
Results and Discussion 
Birth weight class 
Pre-weaning mortality. The lowest piglet mortality percentage occurred in birth 
weight classes F and G which were significantly different from birth weight classes A-D 
and G (Table 2). The highest pre-weaning mortality percentage was observed in the 
lightest birth weight classes A and B. This is in agreement with previous work done by 
Smith et al., (2007), who also found that mortality was the highest in piglets weighing 
0.57 to 0.87 kg at birth. An increase in birth weight is an advantage in decreasing pre-
weaning mortality up to 2.05 kg but then showed a tendency to increase pre-weaning 
mortality as piglets were born heavier than 2.06 kg. Quiniou et al., (2002) and Fix et al., 
(2010b) observed that as birth weight increased, survival rate at weaning increased as 
well. Quiniou et al., (2002) created litter size classes and found that a litter size class of 
≥16 piglets per litter had an increase in the proportion of low birth weight piglets 
compared to litter size class of ≤11, which causes an increase in pre-wean mortality.  
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Lund et al., (2002) and Milligan et al., (2002b) found similar results indicating 
that selection for increased litter size resulted in more low birth weight piglets per litter 
which negatively impacted pre-weaning mortality. 
Lighter birth weight piglets had been shown to consume less milk and colostrum 
due to having a lower competitive advantage and fell behind in pre weaning growth 
(Hartsock and Graves, 1976). Besides crushing of piglets by the sow, early life mortality 
is most likely caused by insufficient colostrum consumption (Le Dividich et al., 2005). It 
was reported by Quiniou et al., (2002) that deaths were mainly observed in the first 7 
days after birth and mortality was low thereafter and no deaths occurred within the first 7 
days of age in piglets weighing greater than 2.6kg. Su et al., (2007) reported similar 
findings and suggested that an alternative way to help improve litter size and piglet 
survival would be selection for survival rate from birth to day 5. The correlation of 
comparing survival at day 5 to weaning was the highest as compared to survival at birth 
to weaning (Su et al., 2007). This indicates that the lighter birth weight piglets are most 
vulnerable to death during the first 5-7 days after birth and extra care and management is 
needed for survival of these piglets.  
Odds of Survival: Odds of survival between BW classes are shown in Table 4. 
Compared to BW class A, all other classes were more likely to survive to weaning. When 
comparing between birth weight classes for the greatest odds of survival, BW classes G 
and F had the greatest odds, but were not significantly (P>0.05) different from each. BW 
classes G and F had significantly (P<0.05) greater odds of survival compared to BW 
classes E and D. There was no significant difference (P<0.05) in odds of survival 
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between BW class D, E, and H. These results agree with previous work by Fix (2010b), 
who also found that increased birth weight led to a higher probability of pre-weaning 
survival. Similar odds differences were reported by Roehe and Kalm (2002), who found 
piglets with birth weights of 1.8, 1.5, 1.2, and 1.0 kg had a higher increase in odds of pre 
weaning mortality relative to piglets born at 2.1 kg. An increase in individual birth weight 
shows a significant impact to help reduce the risk of pre-weaning mortality. 
Parity 
Least squares means for parity on birth weight, number born alive, number after 
transfer, number weaned and pre-wean mortality are presented in Table 3. 
Birth weight. Mean piglet birth weight was highest in parity 2 litters and 
decreased as parity increased. Lowest mean birth weight was recorded in parity 1 sows 
and in sows in parity 7 and greater. Findings of this study are similar to Milligan et al., 
(2002b) who reported mean birth weight was highest in parity 2 and declined until parity 
8 and parity 1 sows had the lowest mean birth weight (P<0.05). 
Number Born Alive. Litters from parity 3-5 females had the higher number born 
alive compared to parities 1-2 and ≥8 females. Litters from females in parity 1 and 8 and 
greater, had lower number born alive compared to those in parity 2-6 females. Milligan et 
al., (2002b) confirmed similar findings to this study in which number born alive was 
significantly highest in parity 3-5 compared to all other parities.  
Number after Transfer. More piglets were placed on parity 1 and 2 sows and this 
was significantly higher compared to all other parities. Large numbers of piglets were 
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placed on parity 1 sows in an effort to stimulate mammary development. The number of 
piglets per litter after transfer decreased as parity increased. 
Number Weaned. Similar results were found in the number weaned per litter as 
higher number weaned per litter were higher from parity 1-3 compared to all other 
parities. The number of piglets weaned per litter decreased as parity increased with 
females in parity 6 and greater having the lowest number of piglets weaned per litter. The 
results of this study differ from Milligan et al., (2002b) who reported, number weaned 
was highest in parities 3-5. Additional piglets were placed on parity 1 and 2 sows during 
the cross-fostering period which may explain more piglets weaned per litter in these 
parities.  
Pre-wean Mortality. Lowest piglet mortality was achieved in parity 1 litters and 
highest pre-wean mortality was observed in parity 4 and higher. This could be the cause 
of reduced litter size on younger sows which has been found to reduce the number of low 
birth weight piglets and lower pre-wean mortality (Quiniou et al., 2002). An increase in 
parity led to an increase in variation in birth weight within liter which caused an increase 
in pre-weaning mortality in older sows (Van der Lende et al., 1991; Milligan et al., 
2002b). Canario et al., (2006) explained that an increase in farrowing duration in older 
sows may lead to weaker piglets that survive the birth process, but are then more 
vulnerable to pre-weaning mortality. These results agree with previous work done by 
Knol et al. (2001) who showed an increased pre-weaning mortality in older sows.  
 Odds of Survival: Odds ratios to survival between parities are shown in Table 5. 
Piglets born from a parity 1 sow had the greatest chance to survive to weaning compared 
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to those in parity 2 and greater. Piglets born from parity 2 sows had the next greatest 
chance of survival when compared to those in parity 3 and greater. Piglets born from 
females in parity 6, 7 and ≥8 had the lowest chance to survival, but there was no 
significant difference (P≥0.05) in odds to survival for piglets in those litters. Roehe and 
Kalm (2000) found similar results in which the odds ratio of pre-weaning mortality in 
piglets increased as parity increased. The effect of parity on pre-weaning mortality may 
be closely related with number born alive which an increase in number born alive 
resulted in a high pre-wean mortality (Quiniou et al., 2002). Parity 1 litters did have a 
significantly higher (P<0.05) weaning age when compared to all other parities (23.5 vs 
22.8 days) which could account for a small portion of the increased odds ratio. 
Conclusion 
Results from this study indicate that low birth weight piglets and litters from older 
parity sows have greater pre-weaning mortality and reduce the odds of survival until 
weaning. As the pressure for larger litters and optimum sow lifetime production 
increases, it is important for producers to use a balanced approach to selection objectives 
and realize the economic importance of culling sows at the appropriate time to replace 
her with a more productive and efficient female. Even though this study found statistical 
differences in number born alive and pre-wean mortality between parities, from a 
production standpoint the effects were minimal compared to the affect individual piglet 
birth weight. More emphasis needs to be placed on individual piglet birth weight and 
ways to reduce the total number of low birth weight piglets. More research needs to be 
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Table 1. Distribution of number of piglets by breed and parity. 
  York Landrace F11  Duroc Total 
Parity           
1 14456 10613 5256 4574 34899 
2 12628 8799 7300 3915 32642 
3 11043 7536 6135 2981 27695 
4 9221 6227 5372 2190 23010 
5 7709 4841 4066 1659 18275 
6 5974 3964 3365 969 14272 
7 4248 3194 2797 427 10666 
≥8 5484 5917 4156 119 15676 
Total 70763 51091 38447 16834 177135 















Table 2. Number of records, mean, minimum, and maximum values and 





piglets Birth weight(kg) 
class1  born alive  Minimum Maximum Mean 
Mortality 
(%) 
A 2900 0.23 0.69 0.58 72.92
g 
B 7372 0.70 0.91 0.84 33.41
f 
C 13808 0.92 1.14 1.05 17.15
e 
D 30240 1.15 1.37 1.28 12.43
d 
E 37721 1.38 1.59 1.50 10.30
bc 
F 42776 1.60 1.82 1.72 9.13
a 
G 24163 1.83 2.05 1.94 9.25
ab 
H 18155 2.06 3.68 2.24 11.11
cd 
Total 177135     1.57 11.80 
1Each piglet was individually identified and weighed with 24 hours of 
birth. Birth weight classes were created by an incremental increase of 
0.23kg. Pigs were weaned at an average of 22.9 days of age. 












Table 3. Least squares means by parity for birth weight, number born alive, number after transfer, 









transfer Number weaned  Mortality(%) 
1 3348 1.52fg 10.47de 11.60a 9.84ab 9.13a 
2 3036 1.65a 10.82c 11.25b 9.93a 11.56b 
3 2488 1.63b 11.12ab 10.91c 9.74b 12.95c 
4 2020 1.59c 11.39a 10.75c 9.61c 13.84d 
5 1627 1.56d 11.35a 10.51d 9.43d 13.86d 
6 1273 1.54e 11.10abc 10.33de 9.25e 15.03ef 
7 977 1.52f 10.78bcd 10.21e 9.23e 15.26f 
≥8 1511 1.51g 10.25e 10.32de 9.17e 14.02de 
Total 16280 1.57 10.94 11.01 9.74 11.80 










Table 4. Odds ratios of eight piglet birth weight classes for survival until weaning.1 
Birth weight 
class2 A B C D E F G 
Odds ratio Odds ratio Odds ratio Odds ratio Odds ratio Odds ratio Odds ratio 
B 5.06*** 
C 9.17*** 1.81*** 
D 10.68*** 2.11*** 1.17** 
E 11.59*** 2.29*** 1.27** 1.09 
F 13.18*** 2.60*** 1.44*** 1.24** 1.14** 
G 14.45*** 2.86*** 1.58*** 1.35** 1.25* 1.10 
H 12.07*** 2.38*** 1.32 1.13 1.04 0.92 0.84 
Odds ratios are between the BW class on the vertical axis compared to the BW class on the horizontal axis. 
1An odds ratio greater than 1 is indicative of an increased chance of survival, whereas an odds ratio less than 1 indicates a reduced chance of 
survival and a greater chance of death until weaning. 

















Table 5. Odds ratios of eight parity of the dam classes and the odds of piglet survival until weaning.1 
Parity 2 3 4 5 6 7 ≥8 
Odds ratio Odds ratio Odds ratio Odds ratio Odds ratio Odds ratio Odds ratio 
1 1.1*** 1.35*** 1.47*** 1.52*** 1.76*** 1.83*** 1.69*** 
2 1.15*** 1.25*** 1.29*** 1.49*** 1.56*** 1.44*** 
3 1.09 1.13** 1.30*** 1.35*** 1.25*** 
4 1.03 1.19*** 1.24*** 1.15*** 
5 1.15** 1.20*** 1.11* 
6 1.04 0.96 
7             0.92 
Odds ratios are between the BW class on the vertical axis compared to the BW class on the horizontal axis of the chart. 
1An odds ratio greater than 1 is indicative of an increased chance of survival, whereas an odds ratio less than 1 indicates a 



















Table 6. List of p-values for fixed and covariates included in the final model for all traits. 
Trait 
Fixed Effects Covariates 
Farm 















0.05 ≤ 0.05 ≤ 0.05 - - 
Number Born Alive ≤ 0.05 
≤ 
0.05 - ≤ 0.05 ≤ 0.05 - - - 
Number after Transfer ≤ 0.05 
≤ 
0.05 - ≤ 0.05 ≤ 0.05 ≤ 0.05 - - 
Number Weaned ≤ 0.05 
≤ 
0.05 - ≤ 0.05 ≤ 0.05 ≤ 0.05 ≤ 0.05 - 




0.05 ≤ 0.05 ≤ 0.05 ≤ 0.05 ≤ 0.05 ≤ 0.05 
P-values that were ≤ 0.05 were in the final model for respective trait. 
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The objective of this study was to determine the relationship among number born 
alive, mean birth weight, birth weight coefficient of variation (CV), and parity, and the 
correlations with mean weaning weight, weaning weight CV and percent survival to 
weaning. Piglets in this study were purebred Yorkshire (n=10,950), purebred Landrace 
(n=8,931), purebred Duroc (n=6,876), and Landrace x Yorkshire or Yorkshire x Landrace 
(n=3,122) F1 piglets from 2,737 total litters. Data were recorded from sows in four 
production units within the same genetic flow from September 2009 through November 
2013. Piglets were individually weighed and identified within 24 hours of birth and no 
cross-fostered litters were included in this study. Survival was defined as the piglet’s 
ability to survive from birth until weaning (mean=22.9 ± 3.3 days). During analysis, 
mean birth weight, birth weight CV, mean weaning weight, weaning weight CV and 
percent survival to weaning were calculated for each litter. Mean birth weight was lower 
in litters from parity 1 females when compared to parity 2-7 females, but was not 
different from parity 8 and greater females. Parity 1 sows had the lowest birth weight CV 
compared to all other parities and tended to be higher in litters from older sows.  Mean 
weaning weight was lowest in parity 1 sows compared to all other parities. Weaning 
weight CV was lowest in parity 1 females and tended to increase as parity increased. As 
number born alive increased, mean birth weight, mean weaning weight, and percent 
survival to weaning decreased while birth weight CV increased. Number born alive and 
birth weight CV were negatively correlated with percent survival to weaning while mean 
birth weight were positively correlated with percent survival to weaning. Our study 
suggests that increased number born alive has a negative impact on litter variation and 
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percent survival to weaning. Therefore, a high number born alive and mean birth weight 
with low birth weight CV will have a positive impact during pre-weaning and finishing 
and increase the total economic value and performance in commercial pig production. 
Introduction 
Selection for maximum prolificacy over the last decade has resulted in an increase 
in litter size at birth and more piglets weaned per litter. However, this increase has also 
resulted in a higher percent mortality of piglets during lactation, which is of high 
economic loss to swine producers (Roehe and Kalm, 2000). An increase in litter size 
results in lower individual piglet birth weights and these piglets have been shown to 
consume less milk and colostrum due to being at a competitive disadvantage and often 
have reduced pre-weaning growth (Hartsock and Graves, 1976). Larger piglets at birth 
stimulate and drain teats more effectively and thus receive more nutrients from their 
respective teats and as a consequence, differences in light and heavy birth weight piglets 
are often maintained or increased during lactation (Milligan et al., 2002a). Lighter birth 
weight piglets are at an increased risk of being poorer lower at weaning, finisher 
placement, and 16 weeks into finishing, and are less likely to be full value at harvest (Fix 
et al., 2010b). Milligan et al. (2002b) reported an increase in litter variation and pre-
weaning mortality as parity increased. To date, few studies have evaluated the fixed 
effects parity and number born alive and effect the on mean birth weight, birth weight 





Materials and Methods 
Animals 
Individual birth weight was collected on 29,879 piglets from purebred Yorkshire 
(n=10,950), purebred Landrace (n=8,931), purebred Duroc (n=3,122), and Landrace x 
Yorkshire or Yorkshire x Landrace (n=6,876) F1 piglets from 2,737 total litters. Data 
were recorded from sows in 4 production units within the same genetic flow from 
September 2009 through November 2013. Within 24 hours of birth, piglets were 
individually weighed, identified, parity was recorded and sex was determined. Piglets 
weighing less than 0.23 kg and greater than 3.68 kg at birth were removed from the data 
set. For the purposes of this study, sows of parities ≥ 8 were combined into one parity 
class. Parity differences in sows in parities ≥ 8 were not significant and combining 
parities provided a more equal distribution of number of sows within parity categories. 
Born Alive (BA) was recorded as the number of piglets born alive within each litter and 
born alive ≤5 and ≥15 were not significantly different from each other and combining 
born alive provided a more equal distribution of number of litters within born alive 
categories. No litters that were altered by the addition or removal of piglets during the 
cross-fostering period were used in this study.  At weaning the number of piglets weaned 
(NW) and individual weaning weight were recorded.  
Statistical procedures 
Parity 
Piglets that were born alive were included in the analysis and parity was recorded 
as the sow’s parity at the time of farrowing. PROC GENMOD (SAS) was used to 
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estimate least squares means by parity for number born alive, mean birth weight, birth 
weight coefficient of variation (CV), number weaned, mean weaning weight, weaning 
weight CV and percent survival to weaning. Table 1 shows which predictor variables 
were significant and included in the model when estimating the dependent variables by 
parities. Mean separation and Tukey were used for adjustment for multiple comparisons 
between parity.  
Number born alive 
PROC GENMOD (SAS) was used to estimate least squares means by number 
born alive categories for mean birth weight, birth weight CV, mean weaning weight, 
weaning weight CV and percent survival to weaning. Table 1 shows which predictor 
variables were significant and included in the model when estimating the dependent 
variables by born alive categories. Mean separation and Tukey were used for adjustment 
for multiple comparisons between number born alive categories.  
Correlations 
 Simple Pearson correlations were calculated among number born alive, mean 
birth weight, birth weight CV and parity, and the dependent variables mean weaning 







Results and Discussion 
Parity 
 The effect of parity was significant for number born alive, number weaned, mean 
birth weight, birth weight CV, mean weaning weight, weaning weight CV but was not 
significant for percent survival to weaning. Least squares means are presented in Table 2. 
Number born alive and number weaned. Number born alive was lower in litters 
from sows in parities ≥7 than those in parities 2-5, but was not different when compared 
to the other parities. Milligan et al. (2002b) reported number born alive was highest in 
parity 3-5 (P<0.05). Strang (1970) found that number of piglets born alive is lowest in the 
first litter, increases sharply to a maximum parity 4 and 5 litters and then declines 
gradually in later litters. Quiniou et al. (2002) reported that, prolificacy decreased in older 
sows above parity 4. Parity 1 and 2 females weaned more piglets than females in parity 3-
6 and ≥8. Number weaned was not different in parities 5 and higher. Milligan et al. 
(2002b) found number weaned to be numerically higher in parity 3-5 females compared 
to all other parities, while Strand (1970) showed highest number weaned in parity 2-4 but 
no significant differences were reported. 
 Mean birth weight and birth weight CV. Mean birth weight was lower in litters 
from parity 1 females when compared to parity 2-7 females, but was not different from 
parity 8 females. Parity 2 and 3 females had higher mean birth weight than parity 6 and 
greater females. This study agrees with findings by Milligan et al. (2002b) who found 
mean birth weight lowest in parity 1 females compared to parity 2 and greater. Parity 1 
sows had the lowest birth weight CV compared to all other parities and tended to be 
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higher in litters from older sows.  Milligan et al. (2002b) found similar results in which 
the birth weight CV was numerically lowest in parity 1 females and had a tendency to 
increase as parity increased. 
 Mean weaning weight and weaning weight CV. Mean weaning weight was higher 
in parity ≥2 females then in parity 1 females. Milligan et al. (2002b) and Strang (1970) 
both found mean weaning weight numerically highest at parity 2 litters compared to all 
other parities but no significant differences were reported. Fix et al. (2010b) found that 
parity had no effect on piglet weaning weight. Weaning weight CV was lowest in parity 1 
females and tended to increase in older sows. These results are consistent with Milligan 
et al. (2002b) who found weaning weight CV lower in parity 1 litters compared to parity 
≥3 females. This could be confounded by already low levels in parity 1 females and 
higher levels of variation found at birth in higher parity litters. Birth weight CV was 
found to be significant in the model when estimating weaning weight CV by parity. 
Milligan et al. (2002a) found parity to not be significant with weaning weight CV. 
 Percent survival to weaning. Parity was found to not be significant in percent 
survival to weaning. Strang (1970) found mortality at its lowest from birth to three weeks 
of age in first parity females, and then increase progressively with increasing parity. 
Milligan et al. (2002a) and Milligan et al. (2002b) both found parity to not be significant 






Number born alive 
The effect of number born alive categories was significant for mean birth weight, 
birth weight CV, mean weaning weight, and percent survival to weaning but was not 
significant for weaning weight CV. Least squares means are presented in Table 3. 
 Mean birth weight and birth weight CV. Born alive categories of 12 and greater 
showed a significantly lower mean birth weight compared to all other born alive 
categories. This was confirmed by Quiniou et al. (2002), who found that mean individual 
birth weight was significantly lower in litters size of 12 and greater born alive. Born alive 
categories of 15 and greater showed a significantly higher birth weight CV compared to 
born alive category of less or equal to 12. This is in agreement with Quiniou et al. (2002) 
who reported the lower birth weight variation in litter size ≤11 compared to litter size 14 
and higher. 
 Mean weaning weight and weaning weight CV. Mean weaning weight was higher 
in born alive categories ≤6 compared to born alive categories of ≥8. Mean weaning 
weight showed a tendency to decrease as born alive category increased from ≥9. Meaning 
weight has a significant positive effect on nursery and finishing performance and 
likelihood of pigs being full value at harvest (Fix et al., 2010b). Once birth weight CV 
was included into the model, number born alive was not significant when estimating least 
squares means weaning weight CV by born alive category. 
Percent survival to weaning. Percent survival to weaning was significantly higher 
in born alive categories ≤12 and decreased as litter size increased. Milligan et al. (2002b) 
and Quiniou et al. (2002) found comparable results in comparing born alive size with 
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percent survival to weaning. Percent survival to weaning was highest in litters with fewer 
piglets born alive, high mean birth weight and low birth weight CV. An increase in 
number born alive is an advantage from a sow prolificacy standpoint but as number born 
alive rose over 12 piglets, it negatively impacted percent survival to weaning and 
economic value.  
Correlations 
Correlations between parity, number born alive, number weaned, mean birth 
weight, birth weight CV, mean weaning weight, weaning weight CV, and percent 
survival to weaning are presented in Table 4. 
Parity. The number of piglets born alive in a litter was not significantly correlated 
with parity while the number weaned indicates a very slight negative correlation with 
parity. Mean birth weight was not significantly correlated with parity. This could be due 
to the lower mean birth weight in parities 1 and ≥7 females compared to parity 2-4 
females. Birth weight CV was significantly correlated with parity. A strong negative 
correlation was found between mean birth weight and birth weight CV. Mean weaning 
weight indicated very small correlation with parity but a stronger correlation was shown 
with the relationship of weaning weight CV and parity. This could be confounded by 
already higher levels of variation found at birth in older parity litters in which birth 
weight CV had a positive correlation with variation at weaning.  
Number Born Alive. Mean birth weight showed a very strong negative correlation 
with number born alive and this is in agreement with Milligan et al., (2002b) and Wolf et 
al., (2008). Birth weight CV showed a moderate positive correlation in relation to number 
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born alive which similar results were also found by Milligan et al. (2002b) and Wolf et al. 
(2008) (R=0.394; P<0.001, R=0.21; P<0.05, respectively). Mean weaning weight 
indicated a moderate negative correlation with number born alive. This is in agreement 
with Milligan et al. (2002a) and Milligan et al. (2002b) who reported a negative 
correlation between number born alive and mean weaning weight (R=-0.32:P<0.001, R=-
0.348; P<0.001, respectively). Fix et al. (2010b) reported a strong correlation with 
average daily gain and piglet survival during the finishing period. Piglets that weaned 
heavier, continued to stay heavier, grower faster and have less mortality compared to 
lighter weaning weight piglets.  
Mean birth weight and mean weaning weight showed a strong positive 
correlation. A strong positive interaction was reported by Fix et al. (2010a) between birth 
weight and weaning weight. Number born alive had a slight positive correlation with 
weaning weight CV, which similar results were found by Milligan et al., (2002b). Birth 
weight CV and weaning weight CV showed a strong positive correlation. Variation at 
weaning is maintained or increases during the finishing period (Wolter et al., 2002) 
which leads to an increased marketing period. 
Percent Survival to Weaning. The percent survival to weaning was negatively 
correlated with number born alive which was also reported by Milligan et al., (2002). 
Mean birth weight had a positive relationship with percent survival to weaning while 
birth weight CV had a negative correlation to survival. Both results were confirmed by 
Milligan et al., (2002a) and Milligan et al., (2002b). Parity showed a very small negative 
correlation with percent survival to weaning. Percent survival was the highest in litters 




 Results from this study indicate that piglets from large litter sizes, have low mean 
birth weight and litters with high variation were associated with lower percent survival to 
weaning, independent of factors such as parity. Piglets from larger litters also were 
shown to have a lower individual birth weight. Lower individual piglet birth weights have 
been shown to consume less milk and colostrum due to being at a competitive 
disadvantage and often have reduced pre-weaning growth (Hartsock and Graves, 1976). 
As the pressure for larger litters and increase sow productivity continues, producers need 
to consider evaluating individual piglet birth weights and how to minimize litter variation 
more intensely. When birth weight CV was included into the model when evaluating 
weaning weight CV, number born alive did not have a significant effect. The results from 
this study are consistent with previous studies (Milligan et al., 2001; Milligan et al., 
2002a) that found litters with more variable birth weights had more variation in weaning.  
This is confounded by the already higher levels of variation at birth.  
We found that litters with high number of piglets and low mean birth weight had 
lower weaning weights, than litters with fewer piglets and higher mean birth weight. 
Sows with larger litters produce more milk but the additional milk produced is not 
proportionate to the additional number of piglets (Auldist et al., 1998). More piglets per 
litter and sow productivity is important in any operation but the increase of piglets should 
not compromise the mean birth weight. Reduced individual piglet birth weight has been 
found to reduce piglet quality, survival during pre-weaning and nursery and also has a 
negative impact on piglet quality in finishing and likelihood of pigs being full value at 
harvest (Fix et al., 2010b). A low birth weight piglet lead to negative impacts during pre-
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weaning and finishing period, and decreases the total economic value and performance in 
commercial pig production. 
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Table 1. List of p-values for fixed and covariates included in the final model for all traits. 
Trait 
Fixed Effects Covariates 




















Number Born Alive ≤ 0.05 ≤ 0.05 ≤ 0.05 - - ≤ 0.05 ≤ 0.05 - - - 
Number Weaned ≤ 0.05 ≤ 0.05 ≤ 0.05 ≤ 0.05 - ≤ 0.05 ≤ 0.05 ≤ 0.05 ≤ 0.05 ≤ 0.05 
Mean Birth weight ≤ 0.05 ≤ 0.05 ≤ 0.05 ≤ 0.05 - - ≤ 0.05 - - - 
Birth weight CV ≤ 0.05 ≤ 0.05 ≤ 0.05 ≤ 0.05 - ≤ 0.05 - - - - 
Mean weaning weight ≤ 0.05 ≤ 0.05 ≤ 0.05 ≤ 0.05 ≤ 0.05 ≤ 0.05 ≤ 0.05 ≤ 0.05 - ≤ 0.05 
Weaning weight CV ≤ 0.05 ≤ 0.05 ≤ 0.05 NS NS ≤ 0.05 ≤ 0.05 ≤ 0.05 ≤ 0.05 - 
Percent survival to 
weaning ≤ 0.05 ≤ 0.05 NS ≤ 0.05 - ≤ 0.05 ≤ 0.05 NS - - 
P-values that were ≤ 0.05 were in the final model for respective trait.   












Table 2. Least squares means by parity for number born alive, number weaned, mean birth weight, birth weight CV, mean weaning weight, weaning 





alive Number weaned 
Mean birth 







1 718 10.98 ± 0.073bc 10.09 ± 0.047a 1.53 ± 0.007e 0.135 ± 0.002a 6.90 ± 0.030c 0.125 ± 0.002a 90.1 ± 0.001 
2 719 11.41 ± 0.070a 10.09 ± 0.046a 1.68 ± 0.007a 0.163 ± 0.002b 7.28 ± 0.030ab 0.137 ± 0.002b 90.1 ± 0.001 
3 443 11.26 ± 0.088ab 9.84 ± 0.057b 1.69 ± 0.009a 0.166 ± 0.003bc 7.42 ± 0.036a 0.147 ± 0.003cd 90.5 ± 0.001 
4 310 11.38 ± 0.106a 9.82 ± 0.068b 1.68 ± 0.011ab 0.179 ± 0.003de 7.30 ± 0.043ab 0.151 ± 0.003d 90.5 ± 0.001 
5 205 11.23 ± 0.129ab 9.49 ± 0.084c 1.64 ± 0.014abc 0.164 ± 0.004bc 7.16 ± 0.053b 0.156 ± 0.003d 90.4 ± 0.002 
6 133 10.81 ± 0.160bc 9.69 ± 0.103bc 1.64 ± 0.014bc 0.181 ± 0.005cde 7.24 ± 0.066ab 0.149 ± 0.004bcd 90.3 ± 0.002 
7 91 10.48 ± 0.194cd 9.88 ± 0.125abc 1.60 ± 0.021cd 0.187 ± 0.006e 7.33 ± 0.080ab 0.157 ± 0.005d 90.4 ± 0.003 
≥8 118 9.99 ± 0.171d 9.66 ± 0.111bc 1.54 ± 0.018de 0.172 ± 0.005bcde 7.21 ± 0.070ab 0.149 ± 0.004bcd 90.2 ± 0.002 











Table 3. Least squares means by born alive categories for mean birth weight, birth weight CV, mean weaning weight, weaning weight CV and percent survival 
to weaning. 
Born Alive 
Number of litters 
(n=2,737) 
Mean birth weight 
(kg) Birth weight CV 
Mean weaning 
weight (kg) Weaning weight CV 
Percent survival to 
weaning 
≤5 43 1.85 ± 0.032a 0.137 ± 0.009ab 8.03 ± 0.143a 0.157 ± 0.007 95.6 ± 0.015a 
6 37 1.74 ± 0.034abcd 0.146 ± 0.010abc 7.84 ± 0.138ab 0.139 ± 0.008 94.5 ± 0.016a 
7 67 1.80 ± 0.025ab 0.149 ± 0.007abc 7.43 ± 0.105bc 0.137 ± 0.006 93.5 ± 0.012a 
8 139 1.73 ± 0.018bc 0.145 ± 0.005a 7.27 ± 0.074cd 0.141 ± 0.004 93.4 ± 0.008a 
9 244 1.71 ± 0.013cd 0.158 ± 0.004abc 7.27 ± 0.055cd 0.142 ± 0.003 92.9 ± 0.006a 
10 443 1.68 ± 0.010cd 0.153 ± 0.003ab 7.22 ± 0.039cd 0.134 ± 0.002 92.1 ± 0.005a 
11 533 1.65 ± 0.009d 0.160 ± 0.003abc 7.15 ± 0.034cd 0.142 ± 0.002 91.8 ± 0.004a 
12 553 1.59 ± 0.009e 0.160 ± 0.003abc 7.13 ± 0.035cd 0.140 ± 0.002 90.5 ± 0.004a 
13 371 1.55 ± 0.011e 0.170 ± 0.003cd 7.14 ± 0.045cd 0.140 ± 0.002 87.8 ± 0.005b 
14 189 1.49 ± 0.015f 0.170 ± 0.004bcd 7.10 ± 0.062cd 0.144 ± 0.003 84.7 ± 0.007c 
≥15 118 1.42 ± 0.019f 0.187 ± 0.006d 6.98 ± 0.075d 0.140 ± 0.004 74.5 ± 0.009d 














Table 4. Correlations among parity, number born alive, number weaned, mean birth weight, birth weight CV, mean weaning weight, weaning 



















- -0.027 -0.091*** 0.033 0.207*** 0.044* 0.210*** -0.081*** 
Number born 
alive -0.027 - 0.744*** -0.417*** 0.270*** -0.326*** 0.121*** -0.355*** 
Number 
Weaned -0.091*** 0.744*** - -0.164*** 0.076*** -0.237*** 0.064*** 0.345*** 
Mean birth 
weight (kg) 0.033 -0.417*** -0.164*** - -0.324*** 0.388*** -0.104*** 0.356*** 
Birth weight 
CV 0.207*** 0.270*** 0.076*** -0.324*** - -0.056** 0.333*** -0.278*** 
Mean 
weaning 
weight (kg) 0.044* -0.326*** -0.237*** 0.388*** -0.056** - -0.170*** 0.132*** 
Weaning 
weight CV 0.210*** 0.121*** 0.064*** -0.104*** 0.333*** -0.170*** - -0.076*** 
Percent 
survival to 
weaning -0.081*** -0.355*** 0.345*** 0.356*** -0.278*** 0.132*** -0.076*** - 
*P≤0.05 
   
**P≤0.01 
   
***P≤0.001 
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CHAPTER 5. SUMMARY 
Results from this study indicate that low birth weight piglets and litters from older 
parity sows have greater pre-weaning mortality and reduce the odds of survival until 
weaning. As the pressure for larger litters and optimum sow lifetime production 
increases, it is important for producers to use a balanced approach to selection objectives 
and realize the economic importance of culling sows at the appropriate time to replace 
her with a more productive and efficient female. Even though this study found statistical 
differences in number born alive and pre-wean mortality between parities, from a 
production standpoint the effects were minimal compared to the affect individual piglet 
birth weight. More emphasis needs to be placed on individual piglet birth weight and 
ways to reduce the total number of low birth weight piglets. An increase in individual 
birth weight was shown to be at an advantage up to 2.05 kg but showed a tendency to 
decrease as piglets were born heavier.  
It was also shown that piglets from large litter sizes, have low mean birth weight 
and litters with high variation were associated with lower percent survival to weaning, 
independent of factors such as parity. Piglets from larger litters also were shown to have a 
lower individual birth weight. An increase in number born alive is an advantage from a 
sow prolificacy standpoint but percent survival to weaning significantly decreased as 
number born alive was 13 or greater. Reduced individual piglet birth weight was shown 
to reduce piglet quality, survival during pre-weaning and nursery and also has a negative 
impact on piglet quality in finishing and likelihood of pigs being full value at harvest.  
59 
 
Results from this study suggest that number born alive and individual birth weight 
needs to be communal in order to help maximize performance and profitability for 
commercial producers. 
